The determination of available phosphorus (P) in soil is essential to the evaluation of the current fertility status, and therefore, for recommending the required phosphate fertilizers for the cultivation of crops. The mostly used extractants around the country are Mehlich-1 (M-1) and anionic resins (AR) and mixed resins (MR). However, there are still controversies in relation to the method that should be used, due to of particularities of each extractor. Therefore, the main objectives of this work was to assess the applicability of films of binary combination between cellulose acetate (CA) biopolymer and calcinated layered double hydroxide (LDH-c), named CAF-LDH-c, as a new extractor of available P in soils. For this, two experiments were set out. In the first one, sub-samples of an Oxisol layer 0-20 cm were used and submitted to increasing doses of total P (0, 250, 750 and 2,250 mg/dm 3 ) in the form of monoammonium phosphate (MAP) at different incubation time (5, 30, 60 and 90 d). In the second experiment, samples of 20 soils from different origins and contents of available P were used with distinct chemical and physical attributes. The analysis of available P by M-1, AR, MR, Mehlich-3 (M-3) and CAF-LDH-c extractants was done in both experiments. The efficiency of the extractants was evaluated by Pearson's linear correlation. The correlation between values of P extracted from soil in the first experiment was highly significant among all extraction methods used, including for CAF-LDH-c. In the second experiment, CAF-LDH-c showed significant correlation (p < 0.01) with M-1, M-3, AR and MR. Thus, the significant correlations of the extractant being tested (CAF-LDH-c) with those usually used indicates the possibility of this new method of routine laboratories for assessing the P availability of for the cultivation of crops.
Introduction


The determination of available nutrients contents in soil is essential to the interpretation of its current fertility and, consequently, to recommend correctives and fertilizers for its cultivation. This is the common tool for knowing about the necessity of a soil to attend certain nutrient demand of a crop. Several extraction methods have been tested to evaluate the P availability for plants. Generally, such methods show different extraction capacity and not always correlate well among them and with the amounts phosphorus (P) absorbed by plants [1] .
In Brazil, the Mehlich-1 (M-1) is the more frequently used extractor, with thousands of researches that validate its application as appropriate extractor of available P for the soil [2] [3] [4] . This extractant presents unsatisfactory response for soils with high contents of P-Ca, naturally occurring in soils less weathered where this form of P predominates or even in those more weathered that received natural phosphate more recently [5] [6] [7] . To get around this problem, even if partially, ion exchange resin was developed by Amer et al. [8] . Later, Raij et al. [9] adjusted this resin method to routine laboratories of analysis of soil fertility. In this method, in order to efficiently occur the separation of resin and soil, firstly the soil sample has to be finally crushed. Moreover, there is also a specific preparation of the resin (preconditioning, treatment and recovery) that makes the method unfriendly, so for example, less practical than the determination of P by M-1. All phases involving the use of resin are hard and demand a lot of time, which makes the use of this method difficult as a method of routine analysis of soil laboratory.
Then, there is the need for research and develop new extractors for available P, more practical and efficient in the extraction of available P in different types of soils. This way, the use of layered double hydroxides (LDHs) as P extractor is an interesting, feasible and powerful alternative to test these materials as a new extractant. LDHs, also known as anionic clays, have characteristics act like host matrices of ions in their interlamellar spaces in order to neutralize the positive charges in their layered. These materials occur in nature or can be synthetized at a low cost by chemistry environmentally clean and/or friendly. They can have a wide variety of applications, depending on its composition and physico chemical properties. In the agricultural area, it highlights the use in the intercalation of pesticides, herbicides, hormones for plant growth, such as the inclusion of phosphates, nitrates, borates, naphthalene-1-acetic acid, indol acetic acid [10] [11] [12] . In this case, LDHs can be used as absorbents for contaminant anionic species in water and soil. Thus, nitrates, phosphates and borates for example, commonly used in the agriculture, can be removed from the environment through adsorption processes [11] [12] [13] . This characteristic permits the use of LDHs as possible extractant of available P in soil.
The biggest difficulty for using LDHs as a drain of P, and thus, as an extractant of P available in soil, has the necessity of having it in a structured/aggregated form that permits the separation of soil sample in analysis. Its texture (very thin) causes low permeability and clogging of empty spaces from other phases being able to limit the application for retaining (adsorbing) P of solutions. This difficulty of working with material of very fine texture, estimulated the development of products using polymers-adhesives, such as polyacrylate [14] , hydroxypropyl methyl cellulose (HPMC) [15] and polysulphone [16] . In relation to polymers, there is a research line very disseminated that makes reference to the production of biodegradable materials from polymeric matrices [17, 18] . The resulting materials can have different properties in relation to stability and absorption of H 2 O, such as the case of cellulose acetate (CA), a stable material in H 2 O, and also with the capacity of absorbing it [18, 19] . The production of granules and/or polymeric films from the mixture of CA and LDHs, permits the formation of hibrid stable materials for absorption of P in H 2 O, and in contact with the soil. Certainly, these characteristics stimulate the studies for the formation of a new product that permits to evaluate the availability of P in soil for the growth and development of plants.
Thus, the main objective of this work was to evaluate the applicability of films formation of the binary combination between biopolymer CA and calcinated-LDH (LDH-c), as a new extractant of available P in soils.
Materials and Methods
Justifications for the Procedures Adopted in Order to Obtain Soil Samples
Studies about the methods of extraction of available P in soils are frequently conducted in greenhouse with application of increasing doses of a soluble source of P in samples of different soils with different values of buffer power [20] . Thus, the availability of P constructed in each soil favors the efficiency of The soil used was Oxisol [22] , collected in the region of Patos de Minas, in layer 0-20 cm in a local under native forest. The samples were air dried, buffered and passed through a sieve of 2 mm, obtaining fine soil dried in air (TFSA). These samples were submitted to chemical and physical characterization (Table 1) .
In order to obtain samples with different P contents, under controlled conditions, the treatments were made up of combinations of doses of P and four contact time. The total P doses used were 0, 250, 750 and 2,250 mg/dm 3 . The source of P used was monoammonium phosphate (MAP) with 61% of P 2 O 5 Clay P = Mehlich-1; H + Al = potential acidity; SB = sum of bases; t = effective cations exchange capacity; T = exchange cations capacity to pH = 7; V = bases saturation; m = aluminum saturation; OM = organic matter; P-rem = remaining P. In order to keep the initial moisture applied, during the equilibrium time the samples were monitored by weighing weekly. After this time, the samples were dried at 35 °C for 5 d. The soils were once more passed through sieve of 2 mm, and after that, homogenized.
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Experiment II: Different Soils in Relation to Available P and Capacity Factor
For this experiment, 20 soils samples were collected, registered and analyzed in the Routine Laboratory of Soil Fertility at the Federal University of Viçosa (Table 2) .
Determination of Available P
The experiments were carried out in laboratory at the Federal University of Viçosa-Campus Rio Paranaíba. Deionized water Milli-Q ® was used and all reagents used had analytical purity level. [24] , also in soil relation:solution of 1:10, with stirring for 5 min at 200 rpm and leaving it in decantation for 16 h. The analyses of available P by AR (Amberlite IRA-402) and by MR (Amberlite IRA-402 and Amberlite IR-120 in equal parts of volume) followed the procedures presented by Raij et al. [9] .
Preparation and Characterization for CAF-LDH-c
The preparation and chemical and structural characterizations of the CAF-LDH-c, were previously done by Castro et al. [25] .
Extraction of Available P by CAF-LDH-c
The choice for this film was based on preliminar results of maximum P adsorption capacity. In the extraction by CAF-LDH-c was used CAF-LDH-c relation:soil of 1:1 in grams. In erlenmeyers of 125 mL were added 1 g of soil, 1 g of CAF-LDH-c and 25 mL of H 2 O. The erlenmayers were stirring for 16 h in mechanical reciprocal shaker at 180 rpm in closed environment.
After this, the films were separated from the soils with the aid of a tweezer and washed with deionized H 2 O for the removal of sediments adhered to the films. The films were transferred to erlenmeyers of 125 mL, in which 20 mL of extractor solution of ammonium chloride in hydrochloric acid was added (NH 4 Cl 0.8 mol/L in HCl 0.2 mol/L). The extractor solution was prepared according method proposed by Raij et al. [9] . The bottles were agitated in closed environment for 1 h in reciprocal shaker at 180 rpm, obtaining the extracts for the P determination.
The preparation of extracts for 10 mL of reading solution was done pipetting 5 mL of the extract and 5 mL of work reagent (WR). The WR was prepared according to the method proposed by Braga and Defelipo [23] . When there was the necessity of dilution, an aliquot smaller than 5 mL of the extract was pipetted, completing this volume with extractor solution (NH 4 Cl 0.8 mol/L in HCl 0.2 mol/L) and 5 mL of WR. The standard solution for reading of P was prepared with KH 2 PO 4 .
P in the extractor solutions by different methods (M-1, M-3, AR and CAF-LDH-c) were determined by colorimetry, in molecular absorption spectrophotometer Thermo Scientific TM Evolution 300, using = 725 nm [23] . The efficiency of P adsorption for CAF-LDH-c was evaluated by Pearson's linear correlation.
Results and Discussion
Experiment I
In general, the contents of P obtained, vary due to the doses applied and contact time for different methods. Nevertheless, the recovery capacity of P applied was highly distinct among the extraction methods. MR and AR extracted more P, followed by M-1, CAF-LDH-c and M-3 (Table 3 ). In relation to the effect of contact time of each dose on the content of P extracted, adjusted equations were significant (p < 0.05) only for AR and MR for the application of all doses ( Table 4) . As it was expected, for the condition of non-applied of P (dose 0) the contact time did not change significantly the content of available P in soil.
The results found for the extraction sequence: AR > M-1 > M-3, corroborate with the results obtained by Neto et al. [2] and Rotta et al. [26] . For Neto et al. [2] , each extractor acts in order to solubilize/desorb P in soil preferably in mineral forms and/or different organic forms through different mechanisms. Although with is difference in extraction capacity, different methods cannot be compared in their absolute value, once the available content is not the absolute value corresponding to that the plant absorbs, but in fact, to value that correlates with which the plant absorbs or with its growth. Therefore, different P contents in different soils, by different extractors, can show significant correlation among them and with the plant [27, 28] . In this comparation, when significant, these extraction methods are equally appropriate for determining available contents of P in soil [5, 29] .
M-1, which has in its composition a mixture of strong acids in low concentrations, pH 1.2, acts through acid dissolution and binders exchange from soil phosphate with sulphate of this extractor. M-1 accesses P-solution (intensity factor), labile P (quantity factor) and even non-labile P. The results can mainly be influenced by buffer effect of the soil [5] . The lowest extraction by M-1 in comparation to AR (Table 3) , and in several other works [2, 26] , can be attributed to the exhaustion of M-1 and not of AR (for this extractor the loss of adsorption power of P in solution), especially when in contact with clay soils more buffered [6, 7, 26, 30, 31] . In this case, pH of the extractor M-1 (1.2) is increased losing the original power of acid solubilization and of SO 4 2- , from H 2 SO 4 , is rapidly adsorbed by the soil in non-occupied sites by P, with the consequent loss of power of binders exchange [31] .
Another problem related to M-1 refers to the unsatisfactory response for soils with high P-Ca contents, in less weathered soils or in soils that received natural rock phosphates [5] [6] [7] . In these soils, M-1 can overestimate contents of available P, by acid solubilization of P-Ca once the plants, particularly those shorter of growth cycles and, cannot be efficient in absorbing P-Ca.
Mehlich [24] [30] , with extraction of P forms considered non-labile [7] . The absence of sulphate in this extractor makes its power of binder exchange increase, substituting the exchange power by fluoride to preferencial exchange and more restrict to the form P-Al [32] (Tables 3 and 4) . AR, developed by Amer et al. [8] , in the extraction process adsorbs, initially, in positive charges, P of soil solution (intensity factor or I), causing its replacement P = Mehlich-1; H + Al = potential acidity; SB = sum of bases; t = effective cations exchange capacity; T = cations exchange capacity at pH = 7; V = base saturation; m = aluminum saturation; OM = organic matter; P-rem = remaining P. M-1 = Mehlich-1; M-3 = Mehlich-3; AR = anionic resin; MR = mixed resin; CAF-LDH-c = cellulose acetate film/calcinated layered double hydroxide; P-rem = P-remaining. by P adsorbed in solid phase (quantity factor, Q or P labile) and in balance with I, determining the soil P-labile [7] . For Silva and Raij [29] , the ionic exchange resin appropriate for estimating the supply of P for plants due to the fact of presenting similar extraction to roots, and for presenting lower sensibility to exhaustion (adsorption power loss) in soils that are more clayey, and with higher buffer power of P. This fact explains a higher extraction of P by this extractor, compared to M-1 and M-3 tested in this survey (Tables 3 and 4) . Nevertheless, most laboratories prefer to use MR made up of mixture of 50% AR and 50% cationic resin (v/v), for the possibility of cations extraction and P in the same routine analysis. This way, MR can be sensible to the form P-Ca, as well as M-1, making it possible to overestimate the values of P available for plants [6] . Silva and Raij [29] claim the resin method is better to evaluate the P availability for plants, but they call the attention this method is not used in so many laboratories because of the operational difficulties that have already been mentioned. To circumvent this difficulty, Schoenau and Huang [33] suggested the use of AR membrane-shaped as a much simpler alternative for routine laboratories, being able to simplify the separation phase of resin from the soils. However, this type of resin has not been introduced to routine laboratories yet, which prefer to use the resin in the form of spheres.
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The lowest contents of P recovered by extractors
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with the increase of equilibrium time of P source with soil (Tables 3 and 4) , show the involvement of non-labile forms slightly detectable by the extraction methods. Although AR is considered the extractor of the soil labile P [5] , the extracted content is, in fact, a small fraction of this value. When this extractor is submitted to successive extractions of available P (Q), only a small fraction of total P is obtained in the first extraction, which indicates AR, as used in routine laboratories, extracts only a small fraction of Q. The first extraction in a succession of 10 extractions of P by M-1 and MR, of the same sub-sample of 14 samples of Oxisol, was of 1.5% to 9.1% for M-1 and of 11.2% to 26.7% for MR. The highest values for MR, in these soils with high values of phosphate power buffer (PPB), show no exhaustion of this extractor or loss of exchange power, compared to high exhaustion of M-1 under this condition [7] . In a similar work, Fernández et al. [34] found in 10 successive extractions with AR of a dose of 300 mg/kg of P, with samples of latosols and a quartzarenic neosol, after 30 d of equilibrium of P source with soils, a minimum recovery of 26.8% of P applied in a red latosol with higher value of MPAC (1.936 mg/g) and of 67.5% for a yellow latosol with lower value of MPAC (0.299 mg/g). The total average recovery for all samples was of 50.9%, corresponding to the formation of 49.5% of non-labile P of all P applied. In similar conditions, Campello et al. [35] obtained a total recovery between 34% and 57% of a dose of P of 300 mg/dm 3 left to balance for 45 d with samples of six latosols and submitted to 15 successive extractions by AR. It was verified in this work the percentage of P applied decreased with the increase of clay content or with MPAC of the soil. This dependency with these soil attributes shows sensibility to exhaustion of AR and also probably with MR, despite much lower for these acid extractors M-1 and M-3. For the similarity of the extraction process with AR and MR, it is also expected slight sensibility of CAF-LDH-c to exahaustion or loss of extraction power in soils with higher values of MPAC or lower values of P remaining. Temptations to use filter paper strips soaked with Fe 3+ as extractor of available P in soils, with significant correlations with traditional methods of extraction available P have been studied [29, 36] , similar method to CAF-LDH-c as proposed in this study. This method under study, similarly to AR, extracts labile P from P in soil solution without intense loss of extraction common to M-1 and M-3. According to Eckert and Watson [37] , a possibility of evaluating if determined extractor in test can be used in routine analyses is through correlation between contents determined by extractor in test and those traditionally used. The correlation among the values of P extracted from soil was highly significant among all extraction methods used (Table 5) . However, the best correlations of CAF-LDH-c were with AR and MR, in which coefficient of correlation of 0.9735 and 0.9985 were obtained, respectively. Silva and Raij [29] cited several favorable aspects for using resin, such as: it shows the best technical foundation for determining the quantity factor (Q) of soils; the extraction process is similar to the action of roots; it shows the effect of liming in increasing the availability of P, and has values of determination coefficients higher and significant for the correlation between P extracted from soil and that absorbed by plants. It is possible to be added to these aspects the probable insensibility to the buffering power phosphate of soil, and therefore, having slight exhaustion compared to M-1 and M-3. Therefore, the method CAF-LDH-c fits the qualities presented by the resins used in routine laboratories without operational difficulties.
Experiment II
As it has been mentioned, in practice samples of different soils with distinct contents of available P, and also different physical and chemical attributes are directed to routine laboratories. This is the real situation in which extractors used in laboratories are tested in relation to the evaluation of available P. The contents of available P of samples from 20 soils with different extractors tested showed distinct values among them (Table 6 ). CAF-LDH-c showed significant correlation (p < 0.01) with M-1, M-3, AR
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and MR (Table 7) . The correlations found with CAF-LDH-c and AR and MR (0.6068 and 0.6586, respectively) and also the similar action mechanism between these extractants, can show a lower sensibility of the extractor under test to exhaustion (the loss of exchange power) in soils with higher values of MPAC as it has already been mentioned. This correlation of the extraction in test (CAF-LDH-c) with those usually used by routine laboratories shows the possibility of using this extractor as a new routine method, once several works also prove the correlation of usual extractors among them and with contents absorbed by Refs. [1, 27, 28, 38] .
Conclusions
The contents of available P recovered by M-1, M-3, AR, MR and CAF-LDH-c showed distinct values for an Oxisol sample submitted to increasing doses of P and different equilibrium time. In this experiment, the correlation among the values of P extracted was highly significant among all extraction methods used, mainly for CAF-LDH-c.
In the 20 soils selected, there was also a variation in the contents of P available by the extractors used. CAF-LDH-c had significant correlation (p < 0.01) with M-1, M-3, AR and MR. Thus, the significant correlations of the extractor tested (CAF-LDH-c) with the ones usually used shows the possibility of its use as a new routine method in the laboratories for evaluating the availability of P for plants.
